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Thils report,
Reentrx) is issued as volume HE of Lunar Orbit Rendezvous
Reference Trajectory Data Package (U), Issue 4, The Tirst

ABSTRACT

Reference Trajectory No. 5 (Guided

four volumes prepared by Space Technology Laboratories are

as follows:

Volume 5A

>Volume 5B

Volume 5C

Volume 5D’

Summary and Reference Trajectory No. 5
Data Exhibits, dated August 26, 1964,
No. 8408-6076-RC-000

Printout Keys and Reference Trajectory
Mo. 5 Listing (Earth Launch to LEM
Final Descent), dated August 26, 1964,
No, 8408-6077-RC=-000

Reference Trajectory No. 5 Listing
Continued (LEM Final Descent to

Earth Re-entry), dated August 26 1964,
No. 8408-6078-RC-000

Reference Trajectory No. 5 Listing

Concluded (Re-entry), dated August 26, 1964,
No. 8408-6079~RC-000

The above volumes contaln a complete unguided reference
trajectory including the re-entry phase. This report (volume 5E)
contains a guided re-entry with the same terminal conditions as
the unguided re-entry of volume 5D.
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GUIDED RE-ENTRY

The Reference Trajectory Data Package to which this
is appended contains an "open loop" (unguided) Apollo LOR
trajectory. For the powered flight maneuvers the full optimized
steering orders of the "open loop" trajectory result in good
first approximations to the final guided trajectories. In the
re-entry phase the correspondence between the "oven loop" and
guided trajectories is less close. The intent of this volume
is to present the resultant LOR re-entry trajectory parameters
as influenced by the closed loop control of the MIT re-entry
guidance logic.

The guidance logic utilized is that defined by MIT
as of July 1, 1964, The characteristics of the vehicle

restated from Volume 5A are:

L/D max = .4

W = 57 1lbs/sq. ft.
oo

W = 9500,0 1ibs.

ATMOSPHERE MODEL = U, S. Standard ATMOSPHERE, 1962

The re-entry phase is initiated 12895.8 min. from
lift-off., At the point of re-entry the vehicle has a longi-
tudinal range to go of 2151.0 naut. miles and a lateral range

to go of 198.8 naut. miles to reach the landing site located

SR
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at 18.1 degrees S latitude, 194,9 degrees E longitude. 1In
guiding the re-entry vehlcle to the desired landings site four
consecutive modes of the re-entry guidance loglc were utilized.
From initial entry to the point of initial "pull=-up" (RDOT=0)
the flight profile was the result of a fixed full positive
lift-up command, Commencing at pull-up, the flight profile
was under the influence of the "constant drag" gulidance mode
which continued until the velocity became less than 28,043 f.p.s.
At this time the pguidance entered the "reference trajectory"
guidance mode and continued to operate in this mode until the
velocity became less than 21,616 f.p.s. and the altitude rate
(RDOT) became negative. At this point iIn the trajectory the
guidance entered the final "equilibrium glide" mode and remained
at this mode until reaching the terminal conditions.

This volume contains the printout and print key plus
plotted time histories of several important trajectory parameters,
The equivalent information for the "open loop" re-entry tra-

jectory is contained in Volumes 5A and 5D.
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OUTPUT KEY FOR GUIDED RE-ENTRY

X Components of the missile position in an earth
Y centered, right handed, inertial coordinate system.
Z The system is oriented such that the X-Z plane

contains the true vernal equinox of date and the X-Y
plane contains the equator. The Z axis passes

through the north pole. (ft)

XD Components of velocity in the earth centered

YD inertial coordinate system. (ft/sec)

ZD

XL Components of the landing silte position in the

YL earth centered inertial coordinate system, (ft)

ZL

ALT Altitude with respect to the Fischer ellipsoid 1960,

measured along the radius vector. (ft)

R Radial distance from the center of the earth. (ft)

RDOT Component of i1nertlal veloclty along the radius
vector R. (ft/sec)

VI Magnitude of the inertilal velocity. (rt/sec)

FPAT Flight path with respect to VI. Angle between the
inertial veloclty vector and the local geocentric
horizontal, positive upward (deg.)

PSIV Azimuth from north of the inertial velocity vector

projected on a plane normal to the radius vector. (deg.)

petint s
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VA Magnitude of the velocity relative to the air mass.(ft/sec)

FPAA Flight path with respect to the VA, Angle between the
air velocity vector and the local geocentric horizontal,
positive upward.(deg.)

PSAV Azimuth from north of the air velocity vector proJjected
on a plane normal to the radius vector. (deg.)

LAT Geodetic latitude of the vehicle position. (deg.)

LONG Longitude of the vehicle position. (deg.)

RTGN Right ascension of the landing site from the vehicle
position vector measured in the instantaneous plane
of motion. The angle 1ls projected to the surface of a
spherical earth. (naut. mi.) |

RTGL Declination of the landing site relative to the
instantaneous plane of motion. The angle 1s projected
to the surface of a spherical earth. (naut. mi.)

ACC Magnitude of the total acceleration vector (ft/sece)

DRAG Magnitude of the aerodynamic drag force acting along
the relative velocity vector VA. (1bs.)

FLY Magnitude of the aerodynamic 1ift force acting normal
to the relative velocity vector VA and in the instantaneous
relative plane of motion. (1lbs.)

FLP Magnitude of the aerodynamic 1lift force acting normal to
the relative velocity vector VA and normal to the
instantaneous relative plane of motion. (1bs.)

GLOAD Ratio of the magnitude of the aerodynamic acceleratlon

to the magnitude of the gravitational acceleratlon.

AONRDE-




ROLL

RLDOT

TAG

SONTDENTD

-3 -

Roll attitude. Angle between the 1ift vector
(defined in a plane normal to the relative
velocity vector) and the line of intersection

of the relative plane of motion and the plane
normal to the relative velocity vector. Positive
0 to 360 degrees counter clockwise as viewed from
the rear of the vehicle. O degrees representing

maximum 1ift up in the relative plane of motion.

(deg.)
Magnitude of the roll rate. (deg/sec)

Guidance phase indicator (1 to 6)

1 - guldance phase prior to initial pull up

2 - guldance targeting 1lteration phase
(determines guldance strategy) This
phase occurs at the point of pull up,
requiring approximately 300 to 500
milliseconds of time to complete.

3 - guidance "constant drag" or '"reference
trajectory" phase. For various range
requirements either one or both of
these phases may be required.

5 - guldance atmospheric skip phase. This
phase may or may not exist as ranging
requirements dictate.

6 - guidance equilibrium glide phase

~H0NRE
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BELLCOMM, INC.

DISTRIBUTION LIST

MSF-NASA

W. M, Collins, Jr.
T. A. Keegan

G, E. Mueller

S, C. Phillips

E., T. Sullivan

MSC-NASA

Bryant

A, Faget/R. C. Duncan
C. Kraft/J. P. Mayer
A. Lee

E. Maynard/A. Cohen
F,. Shea

OEOQOXRH

MSFC~NASA

E. D, Geissler/C, D. Baker
J., B, Winch

GSFC
F. O. von Bun

Bellcomm, Inc.

G. A. Brill

F. C. Childs

R. E. Gradle

J. A. Hornbeck
M. W. Hunter II
C. A, Lovell

C. R. Moster

I. M, Ross

R. W, Sears

J. M. West
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